A direct connection of information entropy S and kinetic energy T is obtained for nuclei and atomic clusters, which establishes T as a measure of the information in a distribution. It is conjectured that this is a universal property for fermionic many-body systems. We also check rigorous inequalities previously found to hold between S and T for atoms and verify that they hold for nuclei and atomic clusters as well. These inequalities give a relationship of Shannon's information entropy in position-space with an experimental quantity i.e. the rms radius of nuclei and clusters. PACS: 89.70.+c; 36.40.+d; 31.10.+z; Information entropy is an important entity employed for the study of quantum-mechanical systems [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11] . In [1] an entropic uncertainty relation (EUR) was discovered, which for a three-dimensional system has the form:
Information entropy is an important entity employed for the study of quantum-mechanical systems [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11] . In [1] an entropic uncertainty relation (EUR) was discovered, which for a three-dimensional system has the form: S = S r + S k ≥3(1 + ln π) ∼ = 6.434, (h = 1)
where S r is the information entropy in position-space:
S r = − ρ(r) ln ρ(r)dr (2) and the information entropy in momentum-space S k is:
ρ(r) and n(k) are the density distributions in position-and momentum-space respectively, normalized to one. However, for a normalization to the number of particles N, the following EUR holds [4] :
The above inequalities are an expression of quantum-mechanical uncertainty in conjugate spaces, since an increase of S k is accompanied by a decrease of S r and vice versa, which indicates that a diffuse n(k) is associated with a localised ρ(r) and vice versa. This is expected by Heisenberg's uncertainty relations, although EUR are stronger than them. S r and S k depend on the unit of length in measuring ρ(r) and n(k) respectively. However, the important quantity is the entropy sum S r + S k (net information content of the system) which is invariant to uniform scaling of coordinates.
In [10] we proposed a universal property for S for the total density distributions of nucleons in nuclei, electrons in atoms and valence electrons in atomic clusters. This property has the form:
where the parameters a, b depend on the system under consideration. Relation (5) holds for density distributions normalized to unity. However, for the aim of the present work, we transform (5) for normalization to the number of particles N S = aN + bN ln N
The above transformation can be easily done using the relation [10] :
Thus relation (5) is transformed to S = aN + (b − 2)N ln N which putting b − 2 → b gives relation (6) .
Equation (7) can be proved as follows: Let ρ(r) be the density distribution normalized to one and ρ N (r) = Nρ(r) the corresponding one normalized to N. Then
Similarly
Combining Eqs. (8) and (9) and taking into account that S = S r + S k we obtain Eq. (7).
In ref. [9] we employed another definition of entropy according to phasespace considerations. Thus we derived an information-theoretic criterion of the quality of a nuclear density distribution i.e. the larger S, the better the quality of ρ(r).
The question, however, arises naturally how to connect S with fundamental quantities. Recently [11] , we considered the single-particle states of a nucleon in nuclei, a Λ in hypernuclei and an electron in atomic clusters. We connected S with the energy E of single-particle states through the relation
where k, µ and ν depend on the system. It is remarkable that the same relation holds for various systems. For the total densities, there is already in atomic physics a connection of S r and S k with the total kinetic energy T through rigorous inequalities derived using the EUR [4] .
where
In the present work we verify numerically that the same inequalities hold for nuclear distributions and valence electron distributions in atomic clusters (see Tables 1 and 2 for some cases). For nuclei we employed Hartree-Fock wave functions obtained with SKIII interaction [12] . In this model protons and neutrons move in different potentials. We choose to work with the total density of the nucleons. However, similar results can be obtained for protons or neutrons. For atomic (neutral sodium) clusters we employed the WoodsSaxon potential parametrized in [13, 14] .
It is seen from Tables 1 and 2 , however, that for N large the inequalities are loose (the same was observed for atoms [4] ), they are tighter for N small and perhaps can be made tighter by using more moments. It is remarkable that the right-hand side of inequality (11) is nearly an equality (comparison of columns 3 and 4 in Tables 1 and 2 ) and gives a relationship of Shannon's information entropy in position-space S r with an experimental quantity i.e. the rms radius of nuclei and clusters.
In Ref. [16] , S r and S k were connected with the first moments < r > and < p > through similar inequalities which for atomic systems are sharper than inequalities (11), (12) and (13) . However this is not the case for nuclei and atomic clusters. We tested numerically the inequalities of Ref. [16] and we found that in these systems they hold but are not tighter than (11), (12) and (13) .
In the present Letter we proceed a step forward and establish a new link of S and T for the total density distributions of nuclei and atomic clusters. We fitted our numerical values for several nuclei and atomic clusters to the form: for atomic clusters. The dependence of S on T is shown in fig. 1 . It is seen that expression (17) represents the data well. If this relationship proves to hold for other systems as well (e.g. atoms) we might conjecture that this is a universal property. We can justify easily the choice of (17) by the following simple argument: Our numerical calculations showed the relation T ≃ cN (c =constant). Thus, our expression (6) S = S(N) can be directly transformed to a similar relation S = S(T ).
T as function of N according to our calculations is shown for nuclei and atomic clusters in Fig. 2 . Relation T ≃ cN for the total kinetic energy or T /N ≃ c shows that the kinetic energy per particle for nuclei and atomic clusters is approximately a constant. This holds for a quantum many body system of fermions moving in a mean field.
Concluding, in the present Letter we obtain a link between the quantummechanical kinetic energy and the Shannon information entropy for the total densities of nuclei and atomic clusters. We conjecture that this is a universal property of fermionic many-body systems. The idea that kinetic energy is related to the concept of information should not strike one as radical. We quote [15] , where Fisher's information of a quantum many-body system is discussed and T is expressed as a sum of two information functionals. It is stated in [15] that in broad terms one can always think of kinetic energy as a randomizing (entropic) force (as opposed to potential energy, which exhibits constraining properties). Information theory simply provides a mathematical link between the two concepts. Table 1 : Values of S r , S k and S versus the number of particles (nucleons) N for nuclei using HF calculations with SKIII interaction. Their lower and upper bounds are also shown. Table 2 : The same as in Table 1 but for atomic clusters using a Woods-Saxon potential. Here N is the number of valence electrons. 
